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(57) ABSTRACT

A method and a device for automatically deactivating a
coasting operating mode 1 a motor vehicle with an internal
combustion engine 1s disclosed. An activated coasting oper-
ating mode 1s deactivated 1 the current vehicle speed
exceeds a threshold value. The threshold value 1s set as the
sum of a minmimum vehicle speed and of a maximum
permissible increase in speed.
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METHOD AND DEVICE FOR
CONTROLLING A COASTING OPERATING
MODE IN A MOTOR VEHICLE WITH AN
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation and claims the benefit of
German Patent Application No. DE 102011083332.3 tatled
“Method and device for automatically activating or deacti-
vating a coasting operating mode 1n a motor vehicle with an
internal combustion engine” filed Sep. 23, 2011 and German
Patent Application No. DE 102011083326.9 titled “Method
and device for operating a motor vehicle with an internal
combustion engine 1n a coasting operating mode” filed Sep.
23, 2011, which are both hereby incorporated by reference
in their entirety.

TECHNICAL FIELD

The present disclosure relates to a method and a device for
automatically activating or deactivating a coasting operating
mode 1n a motor vehicle with an mternal combustion engine
as a function of propulsion requests or braking requests of a
driver of the motor vehicle.

BACKGROUND

A method and such a device are known from WO 2005/
084995 Al.

A conventional motor vehicle with an internal combustion
engine can become slower due to the engine drag torque
when a driver takes their foot ofl the accelerator pedal. In the
case of a relatively severe negative gradient the engine drag
torque can be 1nsignificant. This also depends on the mass of
the vehicle, the current vehicle speed and the currently
engaged gear speed.

In motor vehicles with an internal combustion engine and
automatic transmission there 1s what 1s commonly referred
to as a “‘coasting operating mode” 1n which the drive train 1s
automatically opened 1f the driver takes their foot off the
accelerator pedal. The internal combustion engine can be
idled 1n the coasting operating mode or switched off entirely,
for example, 1n the case of an automatic start/stop system. In
the coasting operating mode, the engine drag torque 1s
climinated 1n order to save fuel.

Various driver interactions such as, for example, propul-
sion requests or braking requests through activating the
accelerator pedal, brake pedal or activating the gear speed
selector lever can cause the drive train to close, 1.e. caused
the coasting operating mode to terminate. With this general
logic, a driver has control over the activation and deactiva-
tion of the coasting operating mode and they can choose
between the coasting operating mode and rolling with the
engine drag torque.

It 1s to be expected that drivers adapt their driving style to
the presence of the coasting operating mode. This means that
the driver does not expect the vehicle to become signifi-
cantly slower if the driver takes their foot off the accelerator
pedal. However, the vehicle behavior 1in the coasting oper-
ating mode 1s different if the road on which the vehicle 1s
currently driving has a negative gradient or a negative
gradient occurs further along the route. In particular, 1n the
coasting operating mode the vehicle becomes faster on a

moderate negative gradient.
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In order to solve this problem, the abovementioned docu-
ment WO 2005/084995 A1 proposes deactivating a currently
activated coasting operating mode automatically even when
the current vehicle speed exceeds, or significantly exceeds,
a threshold value. This threshold value may be a value which
1s preset by the driver or set automatically as a function of
the current negative gradient and/or of a negative gradient
lying ahead. The current negative gradient or negative
gradient lying ahead i1s to be determined using satellite
navigation.

Determining the current negative gradient or a negative
gradient lying ahead using satellite navigation 1s complex.

One possibility 1s to consider calculating the vehicle
acceleration 1n the direction of travel either by differentiat-
ing the vehicle speed or measuring 1t directly and automati-
cally deactivating a coasting operating mode 1f the calcu-
lated or measured vehicle acceleration exceeds a threshold
value. However, differentiation of the vehicle speed can
result 1n a noisy acceleration signal.

SUMMARY

The present disclosure makes available a simple, fast,
accurate and reliable method for defining a speed threshold
value at the upward transgression of which a currently
activated coasting operating mode 1s automatically deacti-
vated.

BRIEF DESCRIPTION OF THE DRAWINGS

There follows a description of exemplary embodiments
with reference to the drawings, 1n which:

FIG. 1 shows two typical driving situations in which a
motor vehicle possibly experiences an unexpected accelera-
tion;

FIG. 2 shows the basic principle of activation or deacti-
vation and of permitting or prohibiting a coasting operating
mode 1n a motor vehicle so that the latter does not experi-
ence any undesired acceleration; and

FIG. 3 shows a flowchart explaining a logic for terminat-
ing a coasting operating mode 1n a motor vehicle.

DETAILED DESCRIPTION

A threshold value at the upward transgression of which a
currently activated coasting operating mode 1s automatically
deactivated 1s set as a sum of a mimmum vehicle speed and
a maximum permissible increase i speed. The term “mini-
mum vehicle speed” 1s intended 1n this case to denote a value
which 1s equal to the current vehicle speed when the latter
remains constant but 1s lower than the current vehicle speed
when the vehicle becomes faster during a coasting operating
mode.

At every point 1n time during a currently activated coast-
ing operating mode the minimum vehicle speed 1s preferably
defined as a function of the minimum measured vehicle
speed 1n a time nterval directly preceding this point 1n time,
the time interval can be the entire duration of a currently
activated coasting operating mode or a directly preceding
time segment thereof.

The mmimum vehicle speed can specifically be defined
either as the minimum vehicle speed measured 1n the time
interval or as a type of mean value of vehicle speeds
measured 1n the time 1nterval.

The term “maximum permissible increase 1 speed”
denotes 1n this context a value which 1s intended to consti-
tute either a preset fixed value or a value which 1s dependent
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on the current vehicle speed, 1n particular a preset fraction
thereot, or 1s intended to be one of the two above-mentioned
values plus a variable which 1s proportional to a permanently
preset maximum permissible acceleration.

The method according to the present disclosure can be
carried out, 1n particular, 1n a motor vehicle with an auto-
matic transmission and/or automatic clutch, but 1s not
restricted to these arrangements. This 1s because even 1n a
motor vehicle with a drnive train which can be opened
manually (i1.e. by foot or hand), a coasting operating mode
can be simulated in that when propulsion requests and
braking requests are absent, 1.¢. generally in the case of
non-activation of the accelerator pedal and brake pedal, so

much fuel/air mixture 1s fed to the internal combustion
engine that the engine friction loss 1s virtually compensated.
In such a case, the method according to the invention can
also be correspondingly applied. It 1s to be noted that a
“coasting operating mode” 1s to be understood differently 1n
a motor vehicle with a drive train which can be opened
manually (1.e. as a rule with a manual shift transmission
and/or a foot-activated clutch) rather than an automatic
cruise controller 1n which not only the engine friction loss
but also all the other losses, 1n particular those due to rolling,
resistance and air resistance, are compensated, and also
differently than a fuel overrun cut-ofl 1n which the entire
engine drag torque 1s experienced.

The driver of a motor vehicle controls the vehicle speed
in accordance with the driving situation. The vehicle accel-
crates 1f the driver depresses the accelerator pedal and the
vehicle becomes slower 1f the driver takes their foot off the
accelerator pedal. However, when the vehicle travels down-
hill with a severe negative gradient the vehicle can accel-
erate. In such a situation, the driver must generally apply the
brakes 1n order to reduce the vehicle speed or keep it
constant.

A motor vehicle with an automatic transmission and/or
automatic clutch which can change into what 1s referred to
as the coasting operating mode automatically opens the
clutch if the driver takes their foot ofl the accelerator pedal.
The vehicle acceleration or vehicle deceleration depends
essentially only on the air resistance and rolling friction as
well as the current inclination of the road since the engine
drag torque 1s eliminated. In the case of downhill driving, a
motor vehicle i the coasting operating mode accelerates
when there 1s a relatively gentle negative gradient or the
vehicle accelerates more quickly than a conventional vehicle
when rolling without the accelerator pedal or clutch pedal
being activated.

FIG. 1 shows two typical drniving situations which can
lead to acceleration of the vehicle. Situation 1 shows a
vehicle driving on a road with a constant, medium or severe
negative gradient. Situation 2 shows a vehicle driving on a
road with a gradually increasing negative gradient. In both
situations, there are a number of reasons why the coasting
operating mode may be undesirable.

The two above-mentioned situations require different
procedures. In situation 1, the vehicle 1s 1nitially not 1n the
coasting operating mode and it 1s possible to prevent the
vehicle from entering the coasting operating mode by setting,
a coasting prohibition marker in the electronic controller
responsible for the coasting operating mode, when a vehicle
acceleration 1s to be expected.

In situation 2, the vehicle 1s mitially in the coasting
operating mode and then starts to become faster because of
the increasing negative gradient. In this case, the coasting
operating mode terminates 1n that a coasting termination
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4

request 1s set 1n the electronic controller and the coasting
prohibition marker can be set. This principle 1s 1llustrated in
FIG. 2.

A prediction as to whether the vehicle will accelerate 1n
situation 1 can be made on the basis of the severity of the
negative gradient of the road. This severity can be measured
or estimated by monitoring the vehicle behavior indepen-
dently of the coasting operating mode. It the seventy of the
negative gradient of the road 1s above a specific threshold
value, coasting must be prevented. This threshold value can
be a constant value or a speed-dependent value and 1t can be
combined with a certain dwell time.

In many cases such as, for example, 1n situation 2, the
negative gradient of the road changes during the coasting
process. The vehicle cannot accelerate at the start of a
coasting phase but rather only later when the negative
gradient of the road becomes more severe. For this case it 1s
suilicient to terminate the coasting on the basis of one of the
three following methods: firstly the negative gradient of the
road can be determined and compared with a threshold
value; secondly the vehicle acceleration can be determined
and compared with a threshold value; and thirdly the change
in the vehicle speed can be compared with a threshold value
during the coasting process. This can occur independently of
whether the coasting prohibition marker 1s set on the basis
of the negative gradient alone. However, the cause of the
termination can also be a set coasting prohibition marker
with the result being that coasting 1s disabled as long as the
coasting prohibition marker 1s not deleted. The strategy for
deleting the coasting prohibition marker depends on the
respective control strategy and can be different for each
cause. For example, the coasting prohibition marker 1is
deleted only if the driver depresses the accelerator pedal
alter the coasting operating mode has been terminated as a
result of the permitted acceleration being exceeded. Alter-
natively, the coasting prohibition marker can be deleted
automatically 11 the cause (or trigger) no longer exists (for
example the negative gradient of the road 1s below a
threshold value). As a result, the coasting operating mode
can be restarted without driver interaction.

In one method for terminating of the coasting operating
mode on the basis of an increase in the speed during
coasting, the acceleration 1s not limited but instead the effect
ol the acceleration 1s controlled and restricted. The advan-
tage of this method 1s that the effect of the acceleration 1s
controlled directly and differentiation 1s not necessary. The
use ol the vehicle speed signal permits small threshold
values (for example increases 1n vehicle speed of 5 km/h).

The underlying algorithm for such vehicle speed control
1s 1llustrated 1n the flowchart 1n FIG. 3. When the coasting
operating mode 1s started (at step 1), a threshold value Vmax
for the vehicle speed 1n the coasting operating mode 1s set as
the current vehicle speed V plus a permanently preset
maximum permissible increase, AV, 1n speed (at step S2).
The current vehicle speed V can become lower during the
coasting operating mode. For this reason, the threshold value
Vmax 1s continuously adapted to the current vehicle speed
V by virtue of the fact that said threshold value 1s set as the
lower of the two values V+AV and of the previous Vmax
(step S3). In step S4 i1t 1s tested whether the current vehicle
speed V 1s higher than the threshold value, Vmax. If the
result 1 step S4 1s “no”, 1n step S5 1t 15 tested whether the
coasting operating mode 1s still active or has been deacti-
vated by some other condition, for example, a driver inter-
action. If the result 1n step S5 1s “yes”, the system returns to
step S3. If the result 1n step S4 15 “yes”, the coasting
operating mode 1s deactivated (at step S6) and the algorithm
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1s terminated (at step S7). If the result of step S5 1s no, the
algorithm 1s also terminated (at step S7).

If the activation and respective deactivation of the coast-
ing operating mode also comprises permitting and respec-
tively prohibiting the coasting operating mode by means of
a coasting prohibition marker, as explained in conjunction
with FIG. 2, in step S6 the coasting prohibition marker 1s
also set to ensure that the vehicle does not enter the coasting
operating mode again. The coasting prohibition marker can
be deleted by a driver interaction, for example, 11 the driver
depresses the acceleration pedal. Or the marker can be
deleted automatically without driver interaction, {for
example, if the speed i1s below a threshold value.

What has been stated above means that an activated
coasting operating mode 1s deactivated 1f the current vehicle
speed exceeds a threshold value which 1s set as the sum of
a mimimum vehicle speed and a maximum permissible
increase 1n speed, the mimmimum vehicle speed 1s the lowest
vehicle speed measured during the coasting operating mode.

The underlying algorithm described above does not per-
mit constant low acceleration during coasting. However, this
1s desired in coasting situations 1n which the driver would
like to use the negative gradient for slight acceleration. In
this respect, the above algorithm for the vehicle speed
control can be improved by adding a value to the value,
Vmax, in the minimum selection at step S3, which value 1s
the product of a preset permitted acceleration, a, and of a
suitably selected sampling time T: Vmax=min (V+AY,
Vmax+a-T).

In another development, the maximum permissible
increase AV 1n speed 1s not a fixed value but instead 1is
dependent on the speed by virtue of the fact that the
maximum permissible increase 1s, for example, 10% of the
current vehicle speed so that at relatively high vehicle
speeds, relatively large increases 1n speed are also permitted
without the coasting operating mode being deactivated.

In summary, the described algorithm has the effect that
during a coasting phase the minimum, 1.e. lowest vehicle
speed, 1s determined continuously and only restricted.
Upward transgression of this speed 1s permitted without the
coasting phase being terminated.

In one development thereof the mimmum vehicle speed
can be slowly adjusted to the current vehicle speed. This
may be done by filtering a vehicle speed signal, 1.e. a type
of formation of mean values in which relatively new signal
components can also be weighted to a greater extent. The
coasting phase 1s then terminated if the filtered minimum
vehicle speed 1s exceeded by a certain absolute value. As a
result, slow increases in speed are permitted without the
coasting phase being terminated. However, when there are
relatively large increases 1 speed, which possibly surprise
the driver, the coasting phase 1s terminated.

We claim:

1. A method for automatically deactivating a coasting
operating mode 1n a motor vehicle with an internal com-
bustion engine, comprising:

deactivating a coasting operating mode 1f a current

vehicle speed exceeds a threshold value;
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wherein the threshold value 1s set as a sum of a minimum
vehicle speed and a maximum permissible increase in
speed; and
setting a coasting prohibition marker for temporarily
preventing operation in the coasting operating mode.
2. The method as claimed 1n claim 1, wherein the mini-
mum vehicle speed 1s defined as a minimum vehicle speed
measured 1n a time interval directly preceding deactivation

of the coasting operating mode.
3. The method as claimed 1n claim 2, wherein the time

interval 1s a time 1nterval equal to an entire duration of the
coasting operating mode activation.

4. The method as claimed 1n claim 2, wherein the mini-
mum vehicle speed 1s defined as a mean value of vehicle
speeds measured during the time interval.

5. The method as claimed 1n claim 1, wherein the maxi-
mum permissible increase 1n speed 1s eirther: a preset fixed
value; a preset fraction of a current vehicle speed; the preset
fixed value plus a vaniable proportional to a preset maximum
permissible acceleration; or the preset fraction of the current
vehicle speed plus a varniable proportional to the preset
maximum permissible acceleration.

6. The method of claim 1, wherein the deactivating step
includes engaging a drive train of the motor vehicle.

7. The method of claim 1, wherein the maximum permis-
sible increase 1n speed 1s a non-fixed value dependent on the
current vehicle speed.

8. The method of claim 1, comprising periodically adjust-
ing the minmimum vehicle speed based on the current vehicle
speed.

9. The method of claim 8, wherein periodically adjusting
the minimum vehicle speed includes filtering a signal rep-
resentative of the current vehicle speed.

10. A method of operating a vehicle 1n a coasting oper-
ating mode, comprising;:

activating a coasting operating mode;

measuring vehicle speed;

deactivating the coasting operating mode when a vehicle

speed 1s greater than a minimum speed plus a pre-
defined maximum change in speed, and the predefined
maximum change in speed 1s a non-fixed value depen-
dent on a current vehicle speed; and

setting a coasting prohibition marker for temporarily

preventing operation in the coasting operating mode.

11. The method of claim 10, wherein the minimum speed
1s a measured value based on vehicle speed during activation
of the coasting operating mode.

12. The method of claim 10, wherein the minimum speed
1s a measured value based on vehicle speed prior to deac-
tivation of the coasting operating mode.

13. The method of claim 10, wherein the minimum speed
1s defined by a mean value of measured vehicle speeds
during activation of the coasting operating mode.

14. The method of claim 10, wherein the predefined
maximum change in speed 1s defined by any one of: a preset
fraction of the current vehicle speed; and the preset fraction
of the current vehicle speed plus a variable proportional to
the preset maximum acceleration.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

APPLICATION NO. : 13/623862
DATED : March 20, 2018
INVENTOR(S) . Goetz-Phihipp Wegner et al.

It is certified that error appears In the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

In Claim 14, Column 6, Line 58; replace “the preset maximum acceleration.” with --a preset maximum
acceleration.--

Signed and Sealed this
T'wenty-fifth Day of September, 2018

Andreil Iancu
Director of the United States Patent and Trademark Office
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